
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C୶H୷ ൅	ቀx ൅	୷ସቁOଶ 	→ 	 xCOଶ ൅	
୷










































δሺ୓మ୒మሻ ൌ 	 ൬
୓మ/୒మ౩౗ౣ౦ౢ౛
୓మ/୒మ౨౛౜౛౨౛౤ౙ౛







































































ΔOଶ ൌ α୊F െ	α୆B ൅ Z	 	 	 	 	 	 	 (Eq.	1.6)	
	

















































































































1998‐2009 Princeton4	 Mass	spectrometric (Battle	et	al.,	2006)	
2010‐present NIES5	 GC/TCD22 ‐
1991‐1994 Baring	Head,	New	
Zealand	






1991‐2010 Princeton	 Mass	spectrometric (Bender	et	al.,	2005)	
1996‐2002 CSIRO	 Mass	spectrometric (Langenfelds,	2002)	






















1993‐2009 Princeton	 Mass	spectrometric (Bender	et	al.,	2005)	











1994‐2007 Sable	Island,	Canada Flask Princeton	 Mass	spectrometric (Battle	et	al.,	2006)	
1994‐2009 Syowa,	Antarctica	 Flask	 Princeton		 Mass	spectrometric (Bender	et	al.,	2005)		2000‐present Tohoku6/NIPR7 Mass	spectrometric (Ishidoya	et	al.,	2012b)	





Flask Princeton	 Mass	spectrometric (Bender	et	al.,	2005)	






Flask Princeton	 Mass	spectrometric (Battle	et	al.,	2006)	










Flask CIO‐RuG	 Mass	spectrometric (van	der	Laan‐Luijkx,	2010)	
1998‐present Mace	Head,	Ireland Flask CIO‐RuG	 Mass	spectrometric (van	der	Laan‐Luijkx	et	al.,	
2010a)	
1998‐present Ochi‐Ishi,	Japan Flask NIES	 GC/TCD (Tohjima	et	al.,	2008)	




Flask Tohoku	 Mass	spectrometric (Ishidoya	et	al.,	2012a)	
1998‐2001 Zotino,	Siberia,	Russia	
(aircraft)	



















Flask Tohoku/NIPR/AIST10 Mass	spectrometric (Ishidoya	et	al.,	2012b)	
2001‐present Puy	de	Dôme,	France Flask UBERN	 Mass	spectrometric (Valentino	et	al.,	2008)	
2001‐present Pacific	Ocean	(VOS) Flask NIES	 GC/TCD (Tohjima	et	al.,	2015)	
2003‐2004 Griffin	Forest,	UK	
(aircraft)	
Flask UBERN	 Mass	spectrometric (Sturm	et	al.,	2005)	
2003‐present Ochsenkopf,	Germany Flask MPI‐BGC	 Mass	spectrometric ‐
2003‐present Shetland	Islands,	UK Flask MPI‐BGC	 Mass	spectrometric (Kozlova,	2010)
2003‐2006 Ubs	Nur,	Siberia,	Russia	
(aircraft)	




Bag/Flask	 AIST/Tohoku	 Mass	spectrometric	 (Ishidoya	et	al.,	2013)	
2004‐present Flask
2005‐present Białystok,	Poland Flask MPI‐BGC	 Mass	spectrometric ‐
2006‐2011,	
2015	‐	present	
F3	platform,	North	Sea Flask CIO‐RuG	 Mass	spectrometric (van	der	Laan‐Luijkx	et	al.,	
2010a)	
2006‐present Zotino,	Siberia,	Russia Flask MPI‐BGC	 Mass	spectrometric ‐
2007‐2009 Cape	Point,	South	Africa Flask Princeton	 Mass	spectrometric ‐
2007‐present Cape	Verde Flask MPI‐BGC	 Mass	spectrometric ‐
2011‐present Minamitorishima,	Japan Flask NIES	 GC/TCD ‐
2012‐present Gobabeb,	Namibia Flask MPI‐BGC	 Mass	spectrometric (Morgan	et	al.,	2015)	
2012‐present Western	North	Pacific	
(aircraft)	
Flask AIST/JMA‐MRI11 Mass	spectrometric (Ishidoya	et	al.,	2014)	
2013‐present Halley	Base,	Antarctica Flask CIO‐RuG	 Mass	spectrometric ‐












Continuous Scripps	 Paramagnetic (Lueker	et	al.,	2003)	
2000‐2003 Wisconsin,	USA Continuous NCAR13/NOAA14 Fuel	cell (Stephens	et	al.,	2007a)	
2002‐2003,	
2006‐present	
Ochsenkopf,	Germany Continuous MPI‐BGC	 Fuel	cell (Thompson	et	al.,	2009)	
2004‐present Bern,	Switzerland Continuous UBERN	 Mass	spectrometric (Uglietti,	2009)
2005‐present Białystok,	Poland Continuous MPI‐BGC	 Fuel	cell (Popa	et	al.,	2010)	
2005‐present Jungfraujoch,	Switzerland Continuous UBERN	 Fuel	cell/
paramagnetic	
(Uglietti,	2009)
2005‐present Ochi‐Ishi,	Japan Continuous NIES	 GC/TCD (Yamagishi	et	al.,	2008)	
2005‐2006 Zotino,	Siberia,	Russia Continuous MPI‐BGC	 Paramagnetic (Kozlova	et	al.,	2008)	
2006‐present Hateruma	Island,	Japan Continuous NIES	 GC/TCD (Minejima	et	al.,	2012)	
2007‐2012 Aobayama,	Sendai,	Japan Continuous Tohoku/NIPR Fuel	cell (Goto	et	al.,	2013)	
2007‐present Cape	Verde Continuous Exeter15/MPI‐BGC Paramagnetic ‐
2007‐2014 Ivittuut,	Greenland,	
Denmark	
Continuous LSCE16	 Paramagnetic (Bonne,	2015)
2007‐present Pacific	Ocean	(VOS) Continuous NIES	 GC/TCD (Tohjima	et	al.,	2015)	
2008‐present Enoshima	Island,	Japan Continuous Tohoku/NIPR Fuel	cell ‐
2008‐2011 F3	platform,	North	Sea Continuous CIO‐RuG	 Fuel	cell (van	der	Laan‐Luijkx	et	al.,	
2010b)	
2008‐present Syowa,	Antarctica Continuous Tohoku/NIPR Fuel	cell ‐
2008‐present Weybourne,	Norfolk,	UK Continuous UEA17	 Fuel	cell (Wilson,	2013)
2012‐present Gobabeb,	Namibia Continuous MPI‐BGC	 Fuel	cell (Morgan	et	al.,	2015)	
2012‐present Lutjewad,	The	
Netherlands	
Continuous CIO‐RuG	 Fuel	cell (Van	Leeuwen,	2015)	
2012‐present Ny	Ålesund,	Svalbard,	
Norway	




Continuous NCAR	 Fuel	cell (Stephens	et	al.,	2007a)	






2012‐present Tsukuba,	Japan Continuous AIST	 Mass	spectrometric (Ishidoya	and	Murayama,	
2014)	
2014‐2015 Mace	Head,	Ireland Continuous UEA	 Fuel	cell (Evans,	2016)
2014‐present Atlantic	Ocean	(VOS) Continuous UEA	 Fuel	cell This	thesis
2015‐present Minamitorishima,	Japan Continuous AIST/JMA‐MRI Paramagnetic ‐





Continuous CSIRO/NCAR Fuel	cell ‐
2016‐present Tokyo	(Yoyogi),	Japan Continuous AIST/NDA18	 Paramagnetic	 ‐
2006	‐	2010	 Harvard	Forest,	
Massachusetts,	USA	




Continuous Harvard20	 Interferometric (Keeling,	1988)


































Sanriku,	Japan	(balloon) Flask AIST/Tohoku Mass	spectrometric (Ishidoya	et	al.,	2006)	
2001‐2002	 Alice	Holt,	UK Flask UEA	 Mass	spectrometric (Marca,	2004)
2002	 Japan/Arctic	stratosphere	
(aircraft)	




Continuous NIWA	 Fuel	cell (Thompson	et	al.,	2008)	
2004	 Syowa,	Antarctica	
(balloon)	
Flask Tohoku	 Mass	spectrometric (Ishidoya	et	al.,	2006)	
2005	 Hainich	Forest,	Germany Flask MPI‐BGC	 Mass	spectrometric (Kozlova,	2010)
2006	 Northwest	Atlantic	Ocean	
(RRS	Discovery)	























Continuous UEA	 Fuel	cell This	thesis
2014	 The	Netherlands	
(CCS	mobile	system)	
Continuous CIO‐RuG	 Fuel	cell (van	Leeuwen	and	Meijer,	
2015)	


















































































































































































































































































































































































































































































































































































































































































ߜ ቀைమேమቁ	ሺ݌݁ݎ	݉݁݃ሻ ൌ 	
ఋைమ	ሺ௣௣௠ሻାሺ஼ைమିଷ଺ଷ.ଶଽሻ	ൈ	ௌೀమ






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TT	 ±4.6±0.4	 ±2.8±1.0	 3	











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































݇ைଶ ൌ 0.39ݑଶሺௌ௖ೀమ଺଺଴ ሻି
భ



















lnሾܱଶሿ∗ ൌ 	ܣ଴ ൅	ܣଵ ௦ܶ ൅	ܣଶ ௦ܶଶ ൅	ܣଷ ௦ܶଶ ൅	ܣଷ ௦ܶଷ ൅	ܣସ ௦ܶସ ൅	ܣହ ௦ܶହ ൅ ܵ൫ܤ଴ ൅	ܤଵ ௦ܶ ൅











ሾܱଶሿ ൌ ி௟௨௫ఘ.௞ೀమ ൅	 ሾܱଶሿ




















































































































∆APO	 ൌ 	 ቎ቌ෍ ܱଶ	fluxBLH 	 ൈ P
௧೙௕೙
௧భ௕భ
ቍ 	 ൈ 1000	 ൈ 22.40.20946 ቏ 	 െ 	 ቎ቌ෍
ଶܰ	flux
BLH 	 ൈ P
௧೙௕೙
௧భ௕భ






















ଶܰ	ܨ݈ݑݔ ൌ 	ିௗ஼೐೜ௗ் 	ൈ 	
ொ
























































































































































































































































































































































































































































































































































































































































































































































































































































































































ߜ	 ൎ 	െ ଵ௔	
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2015‐2016	 10.9±0.4	 99.4±16.2	 56.2±14.0	
Pacific	
Ocean	ship	



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ܴ௧ ൌ 	∑ ܧ	 ൈ ௉்ು





























































	 TAC	 WAO	 UEA	 WAO	
Baseline	uncertainty	 ±18%	 ±18%	 ±28%	 ±28%	
Measurement	uncertainty	 ±4.3%	 ±1.3%	 ±4.6%	 ±4.1%	
Emission	ratio	uncertainty	 ±78%	 ±73%	 ±22%	 ±22%	



































































































































































































݂݂ܥܱଶ	 ൌ 	 ቀ∑ ܫ	 ൈ ௉஻௅ு









































	 ffCO2(CO)	 ffCO2(COFFEE)	 ffCO2(NAEI)	
Average	ffCO2	 6.9±7.3	 5.7±3.9	 8.4±5.6	
Maximum	ffCO2	 53.3	 27.5	 26.5	




	 ffCO2(APO)	 ffCO2(COFFEE)	 ffCO2(NAEI)	
Average	ffCO2	 6.3±4.9	 7.3±7.3	 11.7±11.5	
Maximum	ffCO2	 28.1	 34.1	 35.3	




	 ffCO2(CO)	 ffCO2(APO)	 ffCO2(COFFEE) ffCO2(NAEI)	
Average	ffCO2	 6.8±6.3	 4.7±3.5	 7.2±7.2	 9.9±9.7	
Maximum	ffCO2	 40.0	 17.4	 33.2	 37.1	






























































































































































































































































































































































































































































































































































































































































ܴ݁ ൌ 	 ఘ	ൈ	஽೓ఓ ൌ 	
ொ	ൈ	஽೓

















































#				 	 	 	 	 	 																																																																																	#	
#							This	script	demonstrates	how	to	do	an	Allan	Variance	plot	in	R,	using	code									#	
#			 	 	 	 	 	 	 	 																														 												#																	
#			 	 	 						Created	by	P.A.Pickers	on	23Aug2013																																										#	

































































































































































HAM20130220_SEC.csv RAW	 Records	data	every	second Whenever software	is	running 1	Sec Daily	
HAM20130220_DIG.csv PRELIM	 Records	diagnostic	data Whenever	software	is	running1 30	Sec2 Daily	
































































HAM201302_SYS.csv LOG	 Records	a	log	of	system	events When	triggered	by	a	system	event Variable Monthly	






HAM2013_MNTLOG.csv LOG	 Records	any	maintenance	events When	a	change	is	made	to	the	‘Maintenance’	
tab	
Variable Annually	
HAM2013_USR.csv LOG	 Records	user	generated	log	entries When	a	user	makes	a	log	entry	in	the	‘User	
Log’	tab	
Variable Annually	











































































































































































































































































































































































































































Cap San Lorenzo Runs Aground Off 
Zeebrugge 
By Milton Stuards, April 24, 2015.  
The Cap San Lorenzo vessel was sailing from Antwerp en route to Le Havre when it ran 
aground on April 23rd, at approximately 7 kilometers off the Zeebrugge coast. There were 
29 crew members aboard the ship at the time when the accident occurred. 
 
At 2:30 a.m. the vessel had departed from the DP World terminal that is located in the 
Deurganck Dock, and was headed to South America. At approximately 7:30 a.m. the 
vessel was unable to continue its voyage due to getting stuck on a sand bar in close 
proximity to Scheur between buoys 6 and 8, right outside of Zeebrugge’s main fairway. 
The first attempt to salvage the vessel proved to be unsuccessful due to being prevented by 
the low tide and present fog. The 2nd attempt was initiated at 3:30 p.m. and was managed 
by the aritiem Reddings- en Coördinatiecentrum (MRCC). At roughly 4:00 p.m. four 
Antwerp-based URS and Smit Salvage tugs managed to pull the vessel off. 
The ship was then escorted to an anchorage area near Ostend in order for divers to conduct 
the necessary inspection procedures before permitting it to berth in Zeebrugge. 
	
	
 
	
	
